Psychology Learning and Teaching 7(1), [46] [47] [48] [49] [50] [51] All serious psychological theories acknowledge that cognition is implemented somewhere in the brain. For centuries anatomists have investigated the structure of the brain by removing it from the head, sectioning it and staining it (Bear, Connors and Paradiso, 2001) . Although much has been learned by this approach, there are a number of obvious limitations, notably that it is not possible in vivo. Radiological techniques have revolutionised the field by enabling researchers and clinicians to produce images of the living brain. These exciting tools have already provided us with a plethora of new information about the structure and function of the brain (Henson, 2005; Poldrack and Wagner, 2004) . Indeed, neuroimaging techniques may ultimately contribute to our understanding of how the brain produces the mind (Cappa, 2006) . Some theorists argue that huge investments of time and money into neuroimaging have not led to a corresponding theoretical advancement, at least in the field of psychological theory (e.g. Page, 2006) . Thus, it may be time to reflect and consider how particular difficulties may limit the usefulness of neuroimaging findings (Poldrack, 2006) . In particular, misconceptions about the nature and role of neuroimaging techniques are potentially harmful, in that they may lead to poorly designed studies and the misinterpretation of findings. The primary aim of the present study, therefore, was to investigate whether misconceptions about common neuroimaging techniques (i.e. computed tomography, magnetic resonance imaging, functional magnetic resonance imaging and positron emission tomography) are being perpetuated in key psychology texts. Secondary aims were to provide a concise and accurate description of key neuroimaging techniques and recommend sources of further information. This paper now moves on to the description of these key neuroimaging techniques.
Computed Tomography (CT)
CT is a neuroimaging method in which a series of X-rays are taken from different directions (Bushong, 2000; Henwood, 1999) . During a CT scan the participant lies in a ring that contains an X-ray source capable of emitting a fan-shaped beam and an array of detectors (which may be in a fixed ring or a rotating arc). The X-ray source is then rotated around the participant, allowing data to be collected from many angles. Data collected at each angle indicate how easy it was for the X-ray radiation to pass through the participant, where different materials in the body attenuate X-rays by different amounts. A computer is then used to build an image of the slice through the body using a technique called filtered back projection, in which each slice is divided into small volume elements called voxels (which are analogous to pixels in two dimensions). Attenuation values are compared to that of water, with values being represented by pixels of different shades in the final image. (Bone is highly attenuating and appears white in images, whereas air has low attenuation and appears black.) By taking a large number of slices sequentially, or by following a helical path around the participant using multiple rows of detectors, three-dimensional images can also be constructed. 
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Magnetic Resonance Imaging (MRI)
MRI is a method commonly used to visualise the inside of living tissue (Haacke, Brown, Thompson and Venktesan, 1999; Vlaardingerbroek, den Boer and Knoet, 2004) . Although CT is still widely used, it is being gradually replaced by MRI, which yields a more detailed map of soft tissues (including the brain) and does not require harmful irradiation by X-rays (Bear et al., 2001) . During an MRI scan the participant lies in a very strong fixed magnetic field. Hydrogen nuclei (which are abundant in the body) spin on their own axes, which makes them act like tiny magnets. When placed in a strong magnetic field, the spinning hydrogen nuclei align themselves with it and precess like spinning tops (rather than being perfectly aligned; see Figure 1 ). A radio wave pulse (lasting about a millisecond) is then directed at the hydrogen nuclei, which flips nuclei away from their original alignment at an angle depending on the amount of energy they absorb. When the radio wave pulse stops, the nuclei flip back or relax into their original alignment, emitting the energy that was absorbed (see Bushberg, Siebert, Leidholdt and Boone, 2001; Jackson and Thomas, 2004 ). This emitted energy is then measured by a detector coil which surrounds the participant. By repeating this process many times, while making minor alterations to the magnetic field strength and changing the frequency of the applied radio wave pulse, information about nuclei in specific locations can be obtained. The hydrogen nuclei behave slightly differently depending on their relationship with surrounding nuclei (e.g. a hydrogen nucleus in a water molecule will respond differently to a hydrogen nucleus in a fat molecule). Computerised image processing can therefore be used to provide a structural image of the participant's anatomy.
Functional Magnetic Resonance Imaging (fMRI)
Functional Magnetic Resonance Imaging is the use of MRI to measure the hemodynamic response related to neural activity in the brain and is one of the most recently developed forms of neuroimaging (Buxton, 2001; Huettel, Song and McCarthy, 2004) . The fMRI technique is based upon the fact that the haemoglobin in red blood cells has different magnetic behaviour depending upon whether it is carrying oxygen or not (a deoxygenated red blood cell acts as a stronger magnet). The key points of interest in fMRI are the location of haemoglobin and its state of oxygenation. Changes in the energy emitted following a radio wave pulse due to fluctuations in localised levels of oxygen metabolism give an indirect insight into levels of brain functioning. By using fMRI while the participant completes different experimental tasks, patterns of oxygen uptake and by implication brain activation, can be compared. Functional neuroimaging information, including fMRI results, can then be overlaid onto structural neuroimages acquired by other techniques (including MRI).
Positron Emission Tomography (PET)
PET is a medical imaging technique that produces a three-dimensional image or guide to functional processes in the body (Gjedde, Hansen, Knudsen and Paulson, 2001; Phelps and Mazziotta, 1985; Saha, 2005) . During a PET scan a radioactive substance is administered (a radioisotope -commonly fluorodeoxyglucose to examine glucose metabolism in the brain), which undergoes radioactive decay (positive beta decay) and ejects a positron to correct instability in the nucleus. As positrons and electrons have identical mass and are oppositely charged, they undergo a process called annihilation when they meet. As every atom in the body contains electrons, the positron is only able to travel a very short distance before annihilation occurs. When annihilation occurs, the mass of the electron and positron is converted into pure energy that is divided equally between two photons (gamma rays). Due to the conservation of momentum, they are emitted in almost opposite directions (not exactly opposite as the positron and electron are moving when they collide). If both of these photons are detected simultaneously (i.e. within a few nanoseconds), then it is possible to trace back through the body to see where they were produced and build up an image of areas with high glucose metabolism and by implication high brain activity.
The key characteristics of CT, MRI, fMRI and PET techniques also appear in Table 1 . However, the primary aim of this study was to investigate whether misconceptions about common neuroimaging techniques are being perpetuated in key psychology texts, which is addressed in the subsequent sections.
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We identified influential contemporary psychology texts by searching computer databases (e.g. PsychINFO, PsycCRITIQUES, Google Scholar, International Bibliography of the Social Sciences) and by reviewing issues of leading psychology journals that publish book reviews of psychology texts. We directed special attention toward widely distributed international publications since the year 2000. We also obtained information with respect to sales figures from relevant commercial websites. To avoid duplication, we omitted essential and brief versions. We selected 12 psychology texts, which formed the basis for the review (see Appendix). Research developments and published work were also identified by discussions with specialists in the areas of neuroimaging, cognitive neuroscience, neuropsychology and the teaching of psychology. Problems and misconceptions regarding key neuroimaging techniques were identified using an exploratory, inductive, qualitative approach (Flick, 2006; Mason, 2002) . Authors Llewellyn and Hodrien first reviewed the psychology texts independently to identify mistakes and misconceptions and then discussed each psychology text in turn to reach a consensus.
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Preliminary review
A preliminary review of the key psychology texts (see Table 2 ) revealed that the description of neuroimaging techniques was largely constrained to four techniques: computed tomography (CT); magnetic resonance imaging (MRI); functional magnetic resonance imaging (fMRI); and positron emission tomography (PET). PET and MRI were described by all but one text and CT and fMRI were described by over half of the texts. A combination of structural (CT, MRI) and functional (fMRI, PET) neuroimaging techniques were therefore commonly described. Half of the texts contained factual errors relating to the description of MRI and PET, though factual errors were less frequent when describing CT and fMRI. Ambiguous statements or potentially misleading omissions were also observed in the descriptions of all techniques, particularly when describing MRI. In short, factual inaccuracies, misleading omissions and ambiguities in relation to the neuroimaging techniques appear to be relatively common in psychology texts. Selected examples of these problems are given in the following sections. Note. N = 12 texts. CT = computed tomography; MRI = magnetic resonance imaging; fMRI = functional magnetic resonance imaging; PET = positron emission tomography.
Computed Tomography (CT)
In relation to CT, X-rays are not radioactivity, as Eysenck (2000) stated; rather they are a form of electromagnetic radiation. The slice of tissue scanned can now be shown at different levels and angles and is no longer required to be parallel to the top of the skull . In addition, the analysis of the imaging data is not conducted within the 'doughnut shaped ring' , rather the computerised image processing is conducted separately from the CT ring itself.
Magnetic Resonance Imaging (MRI)
In terms of MRI, incorrectly stated that magnetic changes are detected by the magnet surrounding the participant; instead changes are measured by a coil that detects energy emitted by the nuclei in response to the applied radio frequency pulse. Similarly, and suggested that magnetic fields are used to create brain images. The radio frequency pulse does not determine the hydrogen energy levels, as Smith, Nolen-Hoeksema and Fredrickson (2002) suggested. Energy levels are determined by the magnitude of the applied magnetic field. It is also potentially misleading to argue, as Gross (2005) and did, that MRI and CT are similar techniques, as there is little similarity in the techniques themselves other than the images produced. Although they are both structural neuroimaging techniques, the danger here is that people read too much into this comparison. and omitted the need for a radio frequency pulse, implying that the technique relies on the application of a magnetic field alone. This might be taken to imply that the resultant electromagnetic field is measured directly, which is incorrect. omitted to mention that the scan must take place in a large, fixed magnetic field. stated that the hydrogen nuclei are reverberating, though this gives a misleading picture of the type of motion involved. Similarly, incorrectly suggested that a high frequency magnetic field is passed through the brain and magnetic sensors are used to detect the resulting 'reverberations'. The magnetic field does not change the 'orbits of nuclear particles' as Sternberg (2001) stated, as this implies the movement of electrons; it is the changing magnetic alignment of the nuclei that produces the emitted energy.
Functional Magnetic Resonance Imaging (fMRI) misleadingly suggested that the brain is exposed to 'pulses of a phenomenally strong magnet'. appears to have confused MRI and fMRI and describes a combination of the two techniques.
Positron Emission Tomography (PET)
PET does not involve the direct measurement of positrons, as many of the texts state or directly imply Smith et al., 2003; . Neither is a 'beam' of X-rays passed through the head, as Sternberg suggested (2001).
discussion
It is clearly a difficult task describing the nature of neuroimaging techniques in an accessible and accurate way to a psychology audience. Of concern was the relative frequency of factual inaccuracies, misleading omissions and ambiguities in psychology texts. Factual inaccuracies are simply unfortunate and every effort must be made to avoid them if possible and amend them where they occur. The degree of information that it is possible to include in psychology texts should reflect a balance, where too much information can be confusing and unnecessary. However, it is also clear that certain basic facts need to be conveyed in order to ensure even rudimentary comprehension of specific techniques and the underlying physiological processes. For example, without knowing that CT involves the undesirable irradiation of the participant by X-rays, it is difficult to fully appreciate the advantages of MRI. Similarly, the technical complexity, interpretational ambiguities and expense associated with neuroimaging techniques should not be underestimated.
Perhaps misconceptions are understandably common due to the highly complicated nature of the techniques, particularly MRI, fMRI and PET. The incorrect notion of nuclei 'reverberating' in MRI may stem from the use of the word resonating in the literature, which actually refers to the frequency at which the nuclei precess. Alternatively, this misunderstanding may simply stem from the complicated nature of the movements involved.
Confusion about the source of the image in PET may stem from the name of the technique itself, though the name reflects the necessary role of positrons in creating detectable pairs of photons and is not meant to imply that positrons are directly measured.
Authors need to be increasingly selective when deciding which neuroimaging techniques to describe at all, particularly as the number of techniques is increasing. At present, the range of structural and functional neuroimaging techniques described appears to reflect those most commonly used for research and clinical applications (Bear et al., 2001) . It is also important to note that, although we have drawn attention to problems in the texts reviewed here, there were also a number of good descriptions. For example, with the exception of one minor error relating to the cause of energy level differences, Smith and colleagues (2002) provided an excellent, concise account of MRI. Due to the limitations of psychology texts in general, however, interested readers and those educating psychologists should also consider consulting more specialised neuroimaging texts (e.g. Bremner, 2006; Cabeza and Kingstone, 2006; Cummings and Mega, 2003; Silbersweig and Stern, 2001) .
It is also important to realise the rapidly evolving nature of neuroimaging techniques. New techniques, such as magnetoencephalography (MEG), provide increasingly high quality spatial and temporal information about the brain (Preissl, 2005) . In addition, the number of noninvasive, neuroimaging techniques is increasing, which allows for repeated measurements and ethically sound longitudinal research across the life span. Conceivably, certain neuroimaging techniques may also eventually become relatively inexpensive and thus more accessible. Authors and educators will therefore need to respond to these changes, in order to ensure that psychologists stay abreast of neuroimaging developments.
In conclusion, there were problems in the description and interpretation of all of the neuroimaging techniques in the psychology texts reviewed, especially MRI and PET. Many influential psychologists appear to be unclear about the way in which the images themselves are actually generated. Factual inaccuracies, misleading omissions and ambiguities should therefore be addressed in psychology texts to reduce levels of confusion and maximise the contribution of neuroimaging data to psychological theorising. As neuroimaging techniques become more sophisticated and diverse, it will be increasingly important for academics to work in interdisciplinary teams to design neuroimaging studies, interpret neuroimaging results and communicate the nature of these techniques to others. Clear comprehension and carefully designed experiments are therefore needed to ensure that these entrancing pictures shed light on important psychological questions.
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